The absence of one or more receptor types in the eye leads to colour blindness. The frequency of this anomaly varies between populations but also within different regions of a country. The aim of the study is to determine the frequency of colour blindness in the region of Vojvodina-Republic of Serbia. The study includes data obtained in the investigations conducted during the period 1996-2009. The total number of subjects is 14125 (6847 males; 7278 females). The Ishihara plates are applied as a common methodological procedure. In total, the frequency of colour-blind males and females is 5.62% and 0.34%, respectively. As for a particular type of this deficiency, the results suggest that deutan deficiency prevails in relation to protan. Prevalence of colour blindness in all three regions of Vojvodina is very similar. The genetic heterogeneity of ethnic groups for this anomaly is relatively small. In comparison with earlier studies conducted in the region of Vojvodina, a slightly lower prevalence of daltonism is observed in the present population. The obtained results are within the limits set for European populations.
Introduction
Colour blindness is a disorder of colour vision which is usually inherited condition, caused by a common X linked recessive gene passed from a mother to her son. Sometimes disturbances in the perception of colours may be acquired, usually due to damage and degeneration of the retina, optic nerve and brain, or cataracts. Some diseases can also cause colour deficits, as well as some medications or chemical exposure (American Optometric Association). The data on the prevalence of colour vision deficiencies in children and young people revealed no consistent agerelated trend in the proportion of individuals with a red-green visual defect (NHS, 1974) , but the ability to see colours can gradually deteriorate as we grow old.
Dichromats are people blind to one of three colours: red, green or blue, and we can distinguish three different forms protanopia, deuteranopia and tritanopia. A significant number of people suffer from this anomaly, although the incidence varies in different geographic regions. Among Caucasians, about 8% of males and 0.5% of females have red-green colour vision defects, but among males of African (3-4%) or Asian (3-5%) origin, these defects are less frequent (NCHS, 2008) . Recent surveys (Birch, 2012) suggest that the prevalence is rising in men of African ethnicity and in geographic areas that have been settled by incoming migrants. Based on a representative sample of different world populations (Sharpe et al., 1999) it was found that the protan type occurs in 2.09% of males and 0.05% of females and deutan type in 5.9% of males and 0.37% of females. The first large investigation of daltonism in Serbia was conducted in the region of Vojvodina in the seventies of the 20th century. The examination of the frequency of colour blindness in Nadalj in Bačka (Stajić, 1973) showed a frequency of 7.24%, with 2.73% of it being protan and 4.51% deutan type. Among females none of the cases of this type of deficiency was recorded. In a later study, the same author (Stajić, 1976) examined total blindness in the population of Vojvodina and found that colour blindness occurred with an incidence of 7.40%, and the differences between villages and ethnic groups were not significant. The aim of this study was to determine the frequency of colour blindness in the present population of Vojvodina, in certain geographic regions and among certain ethnic groups.
The Province of Vojvodina province represents the northern part of the Republic of Serbia. The parts of the Province of Vojvodina are Bačka, Banat and Srem. Bačka is in the central, Banat in the north-east part and Srem is located in southwest part of Vojvodina (Bukurov, 1978) . According to the most recent population census (Census of Population, Households and Dwellings in the Republic of Serbia, 2011), there are 1,916,889 people living in Vojvodina. The population consists of different ethnic groups. The majority of the population is of Serbian nationality (65.05%). Other major ethnic groups include the Hungarians (14.28%), the Slovaks (2.79%), the Croats (2.78%), the Montenegrins (1.75%), the Romanians (1.50%), the Roma (1.43%) and the Ruthenians (0.77%) (Serbian Statistical Annual, 2003) . All these ethnic groups settled here in the 18 th and 19 th century.
Methods
This paper uses data from different studies of colour blindness in Vojvodina, conducted in a 13-year period, from 1996 to 2009. The data include a total of 14 125 individuals, 6847 males and 7278 females (Table 1) . The subjects are adults, students and children of different ages. The investigations made in Srem (Pavlica, 1996) , Bačka and Banat (Pavlica, 2009 ) represent a comprehensive survey that included the entire area, while other data were taken from studies conducted in respective parts of Vojvodina.
The results of investigations presented in this paper are parts of bachelor thesis research (Drobac, 2008; Bogosavljević, 2008; Karapandžin, 2008; Markov, 2008; Pejić, 2009 , master thesis (Pavlica, 1996; Tatić, 2001; Simić, 2004 ) and a doctoral dissertation (Pavlica, 2009 ). The theses can be found in the library of the Department of Biology and Ecology, University of Novi Sad.
All the data were acquired with the written consent of the Academic Council of Faculty of Sciences and Department of Biology and Ecology in Novi Sad. In the case of younger subjects, the data were collected with a consent of the headmaster of the school where the research took place. The subjects voluntarily participated in investigations. All applicable institutional regulations concerning the ethical use of human volunteers were followed during this research.
All the tests were performed by the same methodology using Ishihara colour test (Ishihara, 1965) . The test is based on the ability to distinguish different colours and to perceive the degree of contrast among them. In this study the test included the most common innate deficiencies in colour recognition -red and green colour blindness, i.e. protan and deutan defect. The test was conducted in daylight. To prevent possible variations that different colour shades might cause, both direct sunlight and direct artificial light were avoided during the test process. The tables with patterns were placed at the distance of 75 cm from the subjects, at the right angle to the sightline. The numbers were clearly noticeable and the subjects were expected to respond within three seconds. In most of the cases it was not necessary to use the whole series of patterns. The table number 1 was always first to be shown as it introduces a subject with the testing process. The other tables were set as a trap to colour blind individuals. If a subject was able to distinguish the right number in 10 or more patterns, they were classified as individuals with normal vision. In the case when only 7 or less than 7 patterns were identified correctly, the subject was considered colourblind. In some cases it was impossible to clearly determine the type of colour blindness as the subjects were unable to distinguish colours. These cases were categorized as non-classified anomalies.
The data on the incidence of certain types of colour disorders are presented on the basis of the results of studies focusing on certain types of colour blindness. The frequencies for different types of colour disturbance were calculated in respect to total number of individuals who underwent this analysis. Statistical analysis was performed using the program SPSS 15.0 for Windows Evaluation Version. Significant difference between percentages was obtained by χ 2 test with level of significance being p<0.05 and p<0.01. The prevalence of colour blindness among ethnic groups was made on the basis of Pavlica (1996 Pavlica ( , 2009 ) research determining the prevalence of colour disorders in the largest ethnic groups in Vojvodina. The frequency of recessive alleles related to total daltonism (cv), protan (cv p ) and deutan type (cv d ) were calculated on the basis of relative frequency of the recessive phenotype. This analysis included only males, as in the ethnic groups of females only a few cases of colour disorders were detected. The degree of genetic distance of the ethnic groups was obtained by the analysis of standardized Wahlund variance of allelogenic frequencies (Cavalli-Sforza and Bodmer, 1971) . Graphic outline of genetic relationship between the ethnic groups is given by a dendrogram.
Results
Prevalence of colour blindness in total population of males and females is shown in Table 2 . It is noticeable that out of 6847 male subjects, colour disorder was ascertained in 385 individuals, i.e. in 5.62% of male subjects. A significantly lower percentage of the anomaly is recorded in women (0.34%). There is also a significantly higher frequency of genes for colour blindness in men (0.056) than in women (0.000011), which is consistent with the known mode of inheritance of this anomaly. The calculated frequencies for different types of colour disorders (Table 3) were made on the basis of the total number of patients who underwent this analysis. It is noticeable that in both sexes deutan type is more common than protan and the differences are statistically significant (p <0.01). Approximately 2.66% of males and 0.06% of females do not distinguish green colour. As for the red colour, the anomaly is detected only in 1.10% of males. In the case of about 2% of males and 0.29% of females it was impossible to clearly determine the type of anomaly.
Fig. 1. Prevalence of colour blindness in males and females in three regions of Vojvodina Grafikon 1. Prevalenca kolornog poremećaja kod muškaraca i žena u tri regiona Vojvodine
Prevalence of daltonism in all three regions of Vojvodina is very similar, and in males it ranges from 5.60% in Bačka to 6.73% in Srem. In females, a slightly higher percentage of the colour-blind is observed in Banat (0.26%), while in the region of Srem not a single case of this disorder is recorded (Figure 1) . The data for the prevalence of colour disorders in relation to ethnicity (Table 4) are given only for males, as in the female ethnic groups only 3 cases of colour disorders were recorded. It is observed that the prevalence of colour-blindness varies in different ethnic groups. Most colour-blind individuals are noted in the Roma (18.51%) and the Ruthenians (12.85%). In other groups the prevalence varies from 5.67% in Serbs to 9.23% in Croats. The greatest differences are between ethnic groups with the lowest prevalence (Serbs, Slovaks, Hungarians) and the Ruthenian and Roma ethnic groups where highest frequencies are recorded (p <0.05 and p <0.01, respectively). In most ethnic groups deutan disorder is dominant. The exception is the Slovak ethnic group, where the same incidence of both types is recorded, as well as the Roma ethnic group in which the protan type is more common. Table 5 . In the overall frequency of genes for colour disorder (cv), there are also individuals in whom it was impossible to clearly establish the type of anomaly. It is noticeable that the average frequency of the recessive allele (cv) is 0.0617. Somewhat greater variation is observed in the protan type, while lower genetic heterogeneity is detected in the deutan type. Based on these initial data on the genetic composition of ethnic groups, the further analysis of genetic distance was performed.
Dendrogram of the genetic relationship regarding the frequency of the recessive allele for colour-blindness (Figure 2) indicates that there are minor genetic differences in relation to this characteristic. A larger cluster of six ethnic groups characterized by a similar incidence of this disorder is easily observable, while the Roma and the Ruthenians form a somewhat distant group. 
Discussion
The present population of Vojvodina exhibits a slightly lower frequency of colourblindness in relation to previous studies of the same population (Stajić, 1973 (Stajić, , 1976 . This might be a result of migrations which took place in the last decade of 20 th century and were caused by the war on the territory of former Yugoslavia. The second possible reason may be found in the greater frequency of cross-ethnic marriages. The genetic heterogeneity of the population of Vojvodina established in this study is relatively small. The dendrogram of genetic relationship indicates minor differences among the ethnic groups. The only groups with a higher frequency of the recessive allele are Roma and Ruthenians, while the other groups are characterized by similar frequencies. Roma ethnic group is special regarding both their origin and lifestyle. Their lifestyle is different from all other ethnic groups in Vojvodina. It is typical of them to constantly move from one place to another, and most often they get married within their own ethnic group. This all has led to very small changes within this ethnic group making their anthropological traits different from those of the other groups living in the regions of Vojvodina.
Conclusion
For the time being, in the Republic of Serbia colour disorder check-ups are conducted as a part of medical health examinations of children and youth, as well as a part of medical exam for driving licence. Nevertheless, the literature on colour disorders in different regions of Serbia is still sparse. Therefore, this paper attempts to combine the results of recent studies of colour disorders in Vojvodina in order to obtain frequency suitable for the representation on a nationwide scale. In addition, the present study expands the database, which is a necessary prerequisite for further investigations and monitoring of these anomalies.
